Study Design. Retrospective administrative database analysis. Objective. To investigate the effect of osteoporosis (OS) on complications and outcomes in patients undergoing cervical spine surgery. Summary of Background Data. OS is the most prevalent degenerative human bone disease, and spine surgeons will inevitably perform procedures on patients with OS. These patients might present a difficult patient cohort because many fixation techniques depend on bone quality and adequate bone healing-both of which are compromised in OS. Methods. The nationwide inpatient sample was queried using the Ninth Revision, Clinical Modification procedural codes for cervical spine procedures and diagnosis codes for degenerative conditions of cervical spine from 2002 to 2011. Patients were separated into two cohorts, those patients with OS and those without OS. Demographics, hospital characteristics, and adjusted complication likelihood were analyzed. Multivariate regression analysis was performed to determine odds of revision surgery in patients with OS. Results. Of all patients undergoing degenerative cervical spine surgery, 2% were identified as having OS (32,557 of a sample of 1,602,129 patients). Osteoporotic patients were more likely to undergo posterior cervical spine fusion when compared with those patients without OS (11.3% vs. 5.4%, P < 0.0001). Moreover, circumferential fusion was performed 3 times more frequently in the osteoporotic cohort. Adjusted complications showed increased odds for postoperative hemorrhage (odds ratio ¼ 1.70, 95% confidence interval ¼ 1.46-1.98, P < 0.0001). Patients with OS stayed in the hospital longer (3.5 vs. 2.5 days, P < 0.0001) and had 30% costlier hospitalizations. Multivariate for revision surgery indicated that osteoporotic patients had significantly increased odds of revision surgery (odds ratio ¼ 1.54, P 0.0001) when referenced to non-osteoporotic patients undergoing cervical spine surgery. Conclusion. Osteoporotic patients were more likely to undergo revision surgery, have longer hospitalizations, and have higher hospitalization costs, than their non-osteoporotic counterparts. Key words: cervical spine surgery, complications, costs, length of stay, nationwide inpatient sample, osteoporosis, outcomes. Level of Evidence: 3 Spine 2016;41:662-668 O steoporosis (OS) is a bony disease characterized by decreased bone mass, deterioration of bone tissue and architecture, and increased risk of fracture.
O steoporosis (OS) is a bony disease characterized by decreased bone mass, deterioration of bone tissue and architecture, and increased risk of fracture. 1 The most common human bone disease, OS affects an estimated 10 million people in the United States, with a projected increase to 20 million by 2020.
2-4 Among older US adults over the age of 65 years, the prevalence of OS is approximately 30%. 5 OS is more prevalent in women over 65 years (43%) than in men (10%). 5 The most important contributor to the public health impact of OS is fracture with 1.5 to 2 million annual OS-related fractures estimated in the United States. 2 In the spine, OS can commonly lead to vertebral compression fractures and other negative sequelae that result in significant morbidity to the patient that might eventually necessitate surgery. 6 OS has also been linked to negative outcomes in patients undergoing spine surgery. 7, 8 Risk factors for OS span many varying factors, including lifestyle, genetic diseases, hypogonadal states and endocrine disorders, gastrointestinal disorders, hematologic disorders, rheumatologic and autoimmune diseases, and neurological diseases. 1 The specific impact of OS on cervical spine surgery outcomes, however, has not been demonstrated to date.
In this investigation, the immediate perioperative outcomes of patients with and without OS undergoing degenerative elective cervical spine surgery were compared using a national administrative database. We hypothesized that osteoporotic patients would have higher rates of surgical complications, extended length of stay (LOS), and greater hospitalization costs when compared with patients without OS.
MATERIALS AND METHODS
The Nationwide Inpatient Sample (NIS) is composed of a stratified 20% sample of annual hospital admissions in the US. Hospitalizations were selected for the study based on International Classification of Diseases, Ninth Revision, Clinical Modification procedural codes for cervical spine procedures and diagnosis codes for degenerative conditions of cervical spine from 2002 to 2011. Patient cohort was modeled from previous NIS models analyzing degenerative cervical spine procedures. 9 All International Classification of Diseases, Ninth Revision, Clinical Modification procedure and diagnosis codes can be found in the Appendix, http://links.lww.com/BRS/B75.
Demographic data, hospital characteristics, and Elixhauser comorbidity index (EI) scores were determined. The EI is a validated predictive tool of mortality and comorbidities in administrative databases. 10 All comorbidities were analyzed using the NIS Comorbidity Software, Agency for Healthcare Research and Quality, Rockville, MD, Version 3.7. Complications queried included epidural hematoma, dural tear, cerebrovascular, respiratory, cardiac, deep venous thrombosis, peripheral vascular, nervous system, genitourinary, postoperative shock, pulmonary embolism, postoperative infection, acute postoperative hemorrhage, and mortality. Hospital outcomes included LOS and cost adjusted to reflect 2011 USD, which was the last year of our study.
Statistical Analysis
All analysis was completed using SAS version 9.3 (SAS Institute, Cary, NC) with statistical significance set at P < 0.05. Descriptive statistics were performed using x 2 for categorical data and Student t test or Mann-Whitney U test for continuous data. All variables were assessed for normality and equal variance. The effect of OS on perioperative complications was assessed adjusting for sex, age, EI, hospital bed size, hospital location, and hospital teaching status. A multivariate logistic regression model was constructed, assessed for goodness of fit using the HosmerLemeshow test, was completed to assess the effect of OS on inpatient mortality. The statistical analysis took into account the complex study design of the NIS utilizing procedures surveyfreq, surveymeans, and surveylogistic for analysis. Discharge weights, strata and cluster (hospital ID) variables were included to correctly estimate variance and to produce national estimates.
RESULTS
Our analysis revealed that approximately 2% of patients undergoing degenerative cervical spine surgery were reported as having OS. The OS patients were older, on average, than the non-OS patients by approximately 12 years, with nearly 34% more of the OS cohort above age 65 years, as compared with the non-OS cohort. OS patients also were more frequently female, representing 84% of the total cohort. Sexes were evenly balanced in the non-OS cohort. Proportions of whites, blacks, Hispanics, and other races were relatively consistent between non-OS and OS patients in the sample, with slightly more white and fewer black patients represented proportionally in the OS cohort. Importantly, OS patients were associated with a higher average Elixhauser Comorbidity Index compared with non-OS patients (1.43 vs. 0.49, P < 0.0001) ( Table 1) . Overall, more non-OS patients were likely to undergo anterior cervical fusion versus OS patients (76.8% vs. 63.4%, P < 0.0001). In contrast, a larger proportion of OS patients underwent posterior cervical spine fusion when compared with patients without OS (11.3% vs. 5.4% for non-OS, P < 0.0001). Circumferential fusions were performed approximately 3 times more often in OS patients (P < 0.0001), whereas revision posterior cervical fusions were performed more than twice as often in OS patients (P < 0.0001) when compared with non-OS patients (Table 1) .
OS patients had more associated comorbidities prior to surgery (Table 2) . Most prominent among these associations were rheumatoid arthritis, peptic ulcer disease with bleeding, weight loss, deficiency anemias, and fluid/electrolyte disorders. Peripheral vascular disease and pulmonary circulation disease were also found at higher rates in OS patients. Acquired immune deficiency syndrome, lymphoma, and drug abuse were among the least present in the OS cohort.
Postoperative hemorrhage was more likely to occur in OS patients (odds ratio [OR] ¼ 1.70, 95% confidence interval [CI] ¼ 1.46-1.98, P < 0.0001). No other complication analyzed was associated with OS in a statistically significant manner, including infection, wound complication, deep venous thrombosis, PVD, or death (Table 3) .
A multivariate regression was performed to determine the factors for increased risk of revision surgery ( Table 4 ). The results showed that patients with OS were significantly more likely to undergo revision surgery (OR ¼ 1.54, 95% 
DISCUSSION
OS affects a significant portion of Americans, with the highest prevalence seen among the elderly and females. 5 Due to the general aging of the US population, OS and associated insufficiency fractures are projected to be an increasing public health burden. 11, 12 One aspect of the public health impact of OS that warranted this investigation was the differential effect on cervical spine surgery outcomes and complications.
In our study, OS patients were found to have more medical comorbidities, likely because of advanced age. OS patients also had a differentially higher EI (1.44 vs. 0.49). Higher Elixhauser measures and increased rates of peripheral vascular disease might contribute to the higher rates of postoperative hemorrhage. Furthermore, the OS cohort was more likely to undergo a revision surgery, when compared with non-OS patients. Revision surgeries also represent a differential risk for OS patients when considering elective cervical spine procedures, and add to the public health burden that OS presents.
Indications for spine surgery in patients with OS are nearly identical to those without OS, which include radiculopathy, myelopathy, neurogenic claudication to name a few. 13 Our findings demonstrate that OS patients undergo cervical spine surgeries less frequently (2%) than do non-OS patients. Whether this is the result of preoperative risk stratification on the part of the treating physician is unable to be assessed through this database study. Although it would be inaccurate to extrapolate to the general population, Dipaola et al, 14 in a small survey study, showed that less than 45% of spine surgeons do not perform bone density tests and even less (12%) check metabolic panel prior to performing a fusion procedure in patients suspected of having OS. Although a larger prevalence of these patients has OS, they might not have been identified as such simply because they did not undergo a medical work up. A recent retrospective review by Stoker et al, 15 evaluating patients who underwent spinal fusion, showed vitamin D inadequacy (<30 ng/mL) in 57% of patients and deficiency in 27% of patients. The importance lies in the correlation between spinal fusion construct failure and incidence of pseudoarthrosis with metabolic abnormalities and OS. 16, 17 Importantly, some of these metabolic abnormalities such as vitamin D deficiency can be reversed in 6 to 12 weeks, which theoretically is more favorable for bone healing and, subsequently, fusion. 14, 18, 19 As our patient procedural distribution showed, OS patients undergo more complex fixation procedures. It is reasonable to assume that options for adequate fixation become limited when patients with severe OS present for surgical consultation. 20 Surgeons might choose more complex constructs such as combined anterior-posterior fusion because they increase load sharing, decrease overall construct strain, and thus lead to increased stability. 20, 21 Consequently, surgeons are not just treating the primary condition, but secondarily calculating the risk these patients have construct failure and future revision.
Several factors could contribute to the higher frequency of revision cervical spine surgeries in OS patients. It has been shown that OS patients have slower and less reliable bone healing, which could contribute to higher likelihood of revision surgery. [22] [23] [24] Moreover, the inherent poor bone stock increases bone-implant failure, decreases screw pull out strength and might predispose to interbody cage subsidence secondary to increased load distribution. 25, 26 Spine surgery in patients with decreased bone mineral density has also been shown to be predisposed to pseudoarthrosis, adjacent level degeneration, progressive junctional kyphosis, and compression fractures, all of which might, but not necessarily, necessitate a revision procedure. 20, 27 The finding that Medicare insurance status was more strongly associated with revision cervical spine surgery might be a reflection of the older age of Medicare patients and their generally higher comorbidities. 28 Urban hospitals were also found to have higher rates of revision cervical spine surgery. This might be an indication that urban hospitals care for more patients with complex or advanced surgical needs, who therefore experience longer healing time or surgical failure rates.
Our findings on the increased LOS and hospital costs for cervical spine procedures in osteoporotic patients further demonstrate the differential public health burden presented by OS and increased difficulty in treating these patients. 21 These findings are likely reflections of the higher states of comorbidity, increased risk of hemorrhage, more prevalent peripheral vascular disease, and procedure selection for proper adequate fixation. Preoperative risk stratification by physicians, as suggested above, might contribute as well.
There are several limitations to this investigation. Using the NIS, an administrative database, carries the risk of crosssite clerical inconsistency or clerical error in data input. In addition, the NIS data tracks patients only from admission to discharge, and therefore, does not represent other postdischarge complications aside from the revision surgery outcomes discussed here. Post-discharge mortality is also not tracked. Lastly, morbidities acquired during hospitalization are not distinguishable from pre-existing morbidities.
CONCLUSION
To our knowledge, this study is the first to investigate the demographics, comorbidities, and outcomes of osteoporotic patients undergoing cervical spine surgery. Patients with OS have higher states of comorbidity, undergo cervical spine surgery less frequently, more often require revision surgery, stay in the hospital longer, and have costlier procedures. All of these factors have implications for preoperative planning on the part of the provider and further demonstrate the severity of the public health burden of OS.
Key Points
Osteoporotic patients undergoing cervical spine surgery were at significantly increased odds of revision surgery than patients without OS. In general, osteoporotic patients undergoing degenerative cervical spine surgery were not at increased risk of perioperative complications, aside from postoperative hemorrhage, when compared with the general population undergoing similar surgery. Patients with OS were more likely to undergo circumferential and posterior cervical fusion than anterior cervical fusion when compared with nonosteoporotic patients. Osteoporotic patients undergoing cervical spine surgery have longer and costlier hospitalizations, on average, when compared with nonosteoporotic patients.
Supplemental digital content is available for this article. Direct URL citations appearing in the printed text are provided in the HTML and PDF version of this article on the journal's Web site (www.spinejournal.com).
